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Abstract

Al-3Mg alloy reinforced with BC particles in volume fractions of 5, 10 and 15%rave
subjected to hot deformation to investigate theaotf presence of ceramic particles and
deformation condition on final texture. Single-h&at compression test was performed at
temperatures of 300 to 50D with strain rates of I®to 10 &. The electron backscatter
diffraction method was applied to evaluate the Ifitexture and microstructures. It was
observed that the {110} fiber formed during defotioa was intensified by increasing the
Zenner-Holloman parameter, while deformation atdow makes {100} fiber pervasive
throughout the matrix. Developing {100} fiber indducondition leads to continual softening
of flow stress. Presence of particles by promopagicle stimulating nucleation mechanism

at highZ and restricting grains rotation at |&nued to lower final texture intensity.
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1.

I ntroduction

Texture of microstructure is known as an importaatcome of deformation at elevated
temperature, which can affect the final productperties and performance such as strength,
elongation [1], crack propagation [2,3] and fraetuoughness [4,5]. Besides of material
nature, it is well known that different processipgrameters, i.e., heating rates during
solution treatment [6], deformation strain, defotimia temperature, deformation path [7] can
also affect the evolution of texture. For examjtethe case of aluminum, as a one of the
most applicable metals in industry, it has beenmshthat adding Mg as the solute atom can
change the texture by affecting the formation adashbands [8] and intermediate annealing
influences the final annealing texture of Al-Mgaglé [9]. Moreover, it was reported that the
appearance of {110} and {001} components (comprsglane) in Al-Mg alloys can be
strongly depended on deformation temperature, amouat of strain and strain rate which

controls dynamic restoration, grain growth, ancbd®eftion mechanisms [10].

Al-Mg alloys have been found different applicatiansproduct components which require
moderate strength, formability, weldability, andresion resistance. It has been shown that
although by increasing Mg, the ratio of strengthmeight increases, the alloys containing
more than 3% Mg due to formation ofsMg, become sensitive to stress cracking corrosion.
As the matter of fact presence of second phaseahetonicrostructure in the form of ceramic
particles or precipitate makes the texture evotutimore complicated. In this way it was
stated that more homogeneous deformation with hitgheure intensity can be obtained by
adding fine particles; in contrast, large partidesd to a more heterogeneous deformation
and lower texture intensity [4]. It was also fouhdt adding more particles although will not
modify the main components of texture; it can redtlee intensity [11]. In addition to the
effect of particle size and volume fraction on tegtintensity, Shahani and Clyne [12] have
shown that the texture intensity will be highertlas spherical particles are used to reinforce
matrix than the elongated particles. The directanf particle-matrix interface strength on
texture intensity has studied by Ramesh et al.. [l&Jreover, generally, it has been stated
that coarse particles can promote recrystallizabiprparticle stimulating nucleation (PSN)
and fine particles by a Zener pining effect prevegrains recrystallization and even grain
growth during deformation sequences [14,15].

The majority of previous researches have been &utos the effect of processing parameters
on the texture evolution of single phase Al-Mg wlland seldom studies have been

considered the impact of the second phase on tiaxélire of Al-Mg alloy subjected to hot
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deformation. Hence, the aim of present work isttm the texture variation in Al-Mg/&

with different particles concentration for a wigage of deformation conditions.

Experiment

Al-3wt.% Mg alloy and Al-3wt.% Mg/BC composites with average particle size of 80 um
and volume fraction of 5, 10 and 15% were fabridat®m stir-casting followed by hot
extrusion which is described in details in previousk [16]. Chemical composition of Al-
3Mg and composite, obtained via Electron Probe ®ksnalyzer (Cameca SX100) and

Quantometer analysis, respectively, were around2,90.15 Fe, and 0.2 Si (wt.%).

For single-hit hot compression tests, cylindrigggé@mens with length of 11.5 and 10 mm
and diameter of 7.4 and 5 mm were used for Inst&fi¥ universal deformation machine and
Baehr DIL-805 deformation dilatometer, respectiveleformation was performed at
temperature of 300 to 5D with the constant strain rate of 1t 10 &

In order to investigate the microstructure textoir¢he rapidly quenched samples (less than 2
seconds), electron backscatter diffraction (EBSDgthmd with Thermal-Field-Emission
Scanning Electron Microscope (Jeol 7001f-0.1-30 kM3ds employed. The orientation
distribution function (ODF), calculated from EBSBsults, are presented as plots of constant

$2 sections with isointensity contours in Euler spdefined by the Euler angléd, ¢, and

$2.

Result and discussion

3.1.Deformation condition and textur e devel opment

Fig.1la represents the orientation distribution fioms (ODFs) of Al/Mg-10%BC composite

in annealed condition fop2=0° andp2=45°. According to this figure, the sample shows a
cube texture with component of {100} <001> whichviell known for annealed Al-Mg
alloys. Based on Fig. 1b, after deformation at 4D@fth strain rate of 0.1 a strong fiber
along $=45 for 92=0 is appeared. This fiber corresponds to voluteenents with {110}
plans parallel to the compression direction. Itl ¢ more sensible when the {110} and
{111} figures are subjected to the investigatiomg(FA.c). It is clear that pole {110} is parallel
to compression direction and pole {111} is 45° avileyn the deformation axis. It has been

widely reported that for fcc metals subjected teaumml deformation, the high-density plane,
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i.e. {111}, will rotate to the direction with higseshare stress, i.e. around 45°. This fact can
be seen in {111} pole figure, Fig.1c. As a res{ll10} plane will be along with normal stress
direction, which here is compression directionother words, formation of fiber {110} is
attributed to activation of {111}<110> slip systgf0].

Fig.1: (a) Orientation distribution functions farreealed composite and (b, ¢) ODFs and pole

figure of composite deformed up to strain 0.7 d 40 with strain rate of 10’s

Although deformation led to the appearance of angfrfiber along deformation axis,
according to Fig. 2, it seems that the deformationdition, i.e., temperature and strain rate,
has a great impact on the fiber orientation anénsity. According to this figure, as
deformation temperature is raised or strain ratéeisreased, the intensity of pole {101} is
reduced. Moreover, it seems that the fiber oriémtas rotating from <101> to <001>. It can
be more visible if the average orientation densjtiég), along the fibers of {110} and {100}
were calculated and plotted against Zenner-Hollopamameter Z = £expl30000RT)), as the

unified deformation condition parameter (Fig. 3Based on these results, deformation at



higherZs intensifies {110} fiber while deformation at low#s makes {100} fiber pervasive

throughout the matrix.
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Fig. 2: Inverse pole figure representation foratidéint deformation condition of Al-
3Mg/10%B,C composite.

1 @1
® 0400C ® 0400C
71 00.11/s 35 00.11/s
6 1 |@2=0 31 [e2=0
5 2.5
_ o _
24 2
- [o] o o -
3 1.5 4 o
2 o © 141 © o
o
1 1 0.5 a o
O o o
0 0

14 16 18 20 22 24 26 28 30
Ln(Z)

14 16 18 20 22 24 26 28 30
Ln(Z)

Fig. 3: variation of average orientation densif(g} along the two fibers {110}, i.ab=45
and {100} i.e.®=0 with respect t@.

3.2.Texture and microstructure evolution

Fig.4 shows microstructure obtained after deforamtt 500 °C with strain rate of 1G™.
Based on the fact that the initial grain size wesuad 30um [17], the presence of large
grains in the matrix are results of grain grow,,igrain boundary movement and grains
rotation. As it can be seen in Fig.4, a large graith orientation <001> parallel to
compression axis has lower Schmid factor. Accordimghe grain boundary curvature, it
seems that this grain was growing toward othemgraiith higher Schmid factor. It has been
reported that during deformation of Al-3Mg when swute drag of dislocation motion is the
dominate deformation mechanism, by increasing rsttlae¢ fiber component changes from
{110}+{001} to {001} and the fiber texture with coponent {001} is stable during
deformation of Al-Mg [18]. Jeong et al. [10] sugtgss that the formation of {001} fiber is



attributed to grain boundary migration of grainshA{i001} orientation. It is due to the higher
recovery rate in these grains with respect to sth&s the result, these grains have lower
energy and they are stable. Moreover, these ghane lower Schmid factor which results in
less deformation and lower dislocation densityhi grains. Therefore, their grain boundaries
move toward the other grains with higher energyotimer words, {001} grains grow during
deformation at low strain rate and high temperatiiee, low Zs (<10°s), which leads to

developing of {001} fiber.

SchmidFactor

0 005 01 045 02 025 03 035 04 045 D,
I

02=4

Fig. 4: a) EBSD micrograph, b) Schmid factor valuéhe corresponding grains and c) ODFs

of composite deformed up to strain 0.7 at 500 °@ sirain rate of 16s™.

ODFs maps presented in Fig. 4c show that the defdrromposite at low has rotated cube
{001}<1-10> and Goss {011}<100> textures, while qoosite deformed at highet had
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{011} fiber texture (Fig.1). Based on what was menéd so far, at the low value 8§, the

appearance of cube component was expectable, anchybtal rotation is because of shear
deformation as the results of the presence ofidndi7]. Moreover, according to Ramesh et
al. [13] the appearance of Goss component in Alimsnabmposite can be attributed to DRX

during deformation.

Considering to the previous work [17], in some defation situations (middI&s), particle
stimulating nucleation (PSN) mechanism led to thpearance of fine DRXed grains in the
vicinity of B,C particles (Fig. 4). As it can be seen from Figb&sed on the volume fraction
of DRXed grains, it is not expected that the DR)§eains have a significant effect on texture
intensity. But it should be noted that increasiragtiples has three aspects, 1) enhancing
deformation zones area and appearance of high yersesn as a results of overlapping
deformation zones which lead to more recrystailirat 2) reducing volume fraction of
matrix with deformation texture, and 3) increase ¥blume fraction of distorted area around
particle in case of none-DRX condition. In fact,eavif PSN was not active during
deformation as matrix flow around particles durggformation, particles constrain led to
change the deformation path and hence deforma#gture. To evaluate the impact of
DRXed grains on the dominate texture, the invede figures of Al-BMg single phase alloy
and Al-3Mg matrix composites reinforced with twoffeient volume fractions of k&,
deformed in the same condition are compared in6:id\ccording to this figure although in
three cases {101} fiber is dominated, the intensityexture was reduced by applying more
reinforcement. In other words, the randomly oridnggains which are results of dynamic

recrystallization, weaken the texture.




Fig.5: DRXed grains around patrticles as the resflBSN mechanism for Al-3Mg/10%8
deformed at 400 °C with strain rate of 01 s

cﬂﬂl

Fig.6: Inverse pole figures for a) single-phaseyalb) Al-3Mg/10%BC and c) Al-
3Mg/15%B,C composites deformed at 400 °C with strain rate. bfs".

3.3. Texture development and flow stress

According to Fig.7, despite the change in reinforeat volume fraction, the flow stress
decreases by straining, which is typical duringatgit recrystallization. Similar results have
been reported in previous works [19-22] which mairdlated to the occurrence of DRX,
rearrangement of particles and impurities alongvflmes and transformation of dislocation
wall structure to subgrain boundaries. Based orrasitucture investigations presented in
previous work [17] in such deformation situatiom,., high temperature and low strain rate,
dynamic recrystallization will not be dominant, asd it cannot affect the flow stress
significantly. Moreover, based on the fact that posites with the different volume fraction
of reinforcement behave similar to single-phaseyalthe idea of particles rearrangement
softening cannot be correct. However, grains armsins growth was observed during

deformation at very lows which it, in turn, can reduce the flow stress.

The other aspect of grain growth is texture vasiatiAs it was explained, by deformation at
low Zs, the {101} fiber component changed to {001}. #shbeen stated that the single crystal
of aluminum with component {001} parallel to comgsen direction has lower strength than
{011} single crystal [23]. As it was mentioned ihet previous section, grain growth is

responsible for changing {101} fiber to {001} fibevhich needs strain. Therefore, as the
development of texture with strain is gradual, cordl softening of flow stress seems
reasonable. For composite containing particles vaipipropriate matrix-particle interface

strength, the grains adjacent to particles will ruate and growth easily. Grains rotation (as

shown in Fig. 4) is due to increase in grain’s Siderfactor which as mentioned before,
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improves the {001} grains growth rate by providifggh dislocation density grains.
Therefore, the overall {001} fiber intensity willeblower than the single phase alloy and
hence the softening rate will decrease. Fig. 8esgmts the Schmid factor variation in the
microstructure of different samples. It is obvidhat grains inside the matrix and far away
from particles have higher Schmid factor which ige do their ability to accommodate with
deformation axis, however, grains in the vicinitly marticle have lower Schmid factor,

especially those stuck to the particles.
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Fig. 7: True strain-stress curves obtain from lowhpression test at 500 °C with strain rate of
0.0018".
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Fig. 8: The variation of Schmid factor through grai samples deformed at 400 °C and a)
with strain rate of 0.00Tsand b) 0. 015 and c) at 500 °C with strain rate of 0'1s



Conclusion

Al-3Mg alloy reinforced with BC particles in volume fractions of 5, 10 and 15%rave

subjected to hot deformation to investigate theaobpof second phase and deformation

condition on final texture.

1)

2)

3)

4)

Formation of {110} fiber during deformation at highalue of Zenner-Holloman
parameter is attributed to activation of {111}<11€lp system.

The growth of grains with {001} component which Hasier Schmid factor leads to
developing {001} fiber during deformation at lowain rate and high temperature.
Presence of particles by promoting particle stimog¢anucleation mechanism at high
Z and restricting grains rotation and growth at lbvowers final texture intensity.
Developing {100} fiber by straining at low, cause a continually softening of flow

stress.
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Resear ch Highlights

1) InAl-Mg developing {100} fiber at low Z, leads to continually flow softening
2) {111} and {100} fibers develop via; dislocation sliding and preferred growth
3) Lower textureintensity for various Z is the output of adding particles to the matrix

4) Presence of particlesin matrix promotes PSN at high Z and restricts GBS at low Z



